An attempt has been made to simulate the thermodynamic features of the thunderstorm (TS) event over Dhaka (23.81°N, 90.41°E) 
Introduction
The Earth's atmosphere is majestic in its beauty, awesome in its power, and complex in its behavior. And thunderstorm (TS), resulting from vigorous convective activity, is one of the most devastating, yet spectacular, weather phenomena in it. TS is characterized by lightning and thunder and associated with stormy winds, heavy rainfall, hail and tornadoes. It can occur almost everywhere in the world and cause mass destruction to properties and lives. Thunderstorms are very common over Bangladesh (20°34´ N to 26°38´ N and 88°01´ E to 92°41´ E) during the premonsoon season. These storms are locally known as 'Kalbaishakhi' in Bengali because of the heavy damage to life and property inflicted by them during the month of 'Baishakh' -the first month of Bengali calendar (from mid-April to mid-May). Bangladesh has an estimate of 60-100 TS days per year [1] . According to Habib [2] , TS is ranked 3rd in the list of hazards that affect Bangladesh.
Forecasting thunderstorms is one of the most difficult tasks in weather prediction, due to their rather small spatial and temporal extension and the inherent non-linearity of their dynamics and physics. The use of Numerical Weather Prediction (NWP) system to complement the interpretation of conventional observations added great value to TS forecasting. The physics and the dynamics of TS can be understood by simulating these systems with the help of mesoscale models. Simulation of TS with highresolution mesoscale models over the Indo-Bangla region has mainly been attempted in the past ten years [3] [4] [5] [6] [7] [8] [9] [10] [11] . A simulation study was carried out by Vaidya [3] for a pre-monsoon thunderstorm over east coast of India. Mesoscale model MM5 with some modifications in the cloud microphysics scheme of Schultz has been used to simulate two hailstorm events over the Gangetic Plain of West Bengal by Chatterjee et al. [4] . The authors found that the model MM5 has the ability to simulate hailstorm if the cloud microphysics scheme of Schultz is modified suitably. Litta and Mohanty [5] performed a simulation of a severe thunderstorm event using WRF-NMM model. Rajeevan et al. [6] simulated the features associated with a severe thunderstorm event over Gadanki (over southeast India) using WRF model and examined its sensitivity to four different microphysics (MP) schemes validated with many observations. This study showed large sensitivity of the microphysics schemes in the simulations of the thunderstorm. Das et al. [7] studied the sensitivity with physical parameterization schemes of WRF-ARW model in the simulation of mesoscale convective systems associated with squall events. Thunderstorm simulations from WRF-NMM and WRF-ARW Models were compared by Litta et al. [8] . Ahasan et al. [9] carried out a simulation of the TS event over Srimangal, Bangladesh at 1200 UTC on 21 May 2011 using WRF-ARW model. They found that the model overestimated the 24-hour rainfall over the country by 46.72% compared to the rainfall amounts recorded by Bangladesh Meteorological Department (BMD). Ahasan and Debsarma [10] studied the impact of data assimilation in simulation of the thunderstorm (squall line) event of 11 May 2011 over Bangladesh using WRF model.
In this paper, the thermodynamic features of the TS event occurred over Dhaka (23.81°N, 90.41°E) from 1310 UTC to 1320 UTC of 4 April 2015 have been studied by analyzing eight parameters: MSLP, wind flow, vertical wind shear, vorticity, temperature, CAPE, RH and rainfall. Wind flow was analyzed at two pressure levels: 850 and 200 hPa (hectopascal). Vertical wind shear was measured between 200 and 850 hPa level. Vorticity was simulated at 500 hPa level. RH was analyzed in two ways: (i) RH at 2m height from surface was simulated over the considered domain and (ii) Vertical cross section of RH from 1000 hPa to 100 hPa level was simulated along the latitude of Dhaka (23.81° N). Hourly rainfall during the event was simulated along with the comparison of 24-hour rainfall of 04 April 2015. The WRF model is a non-hydrostatic mesoscale model developed for simulation and prediction of atmospheric phenomena of different scales of dynamics of the atmosphere, emphasizing horizontal grid lengths of a few kilometers or less [11] . It has two dynamics solvers: Advanced Research WRF (ARW) and Nonhydrostatic Mesoscale Model (NMM). ARW (version 3.8.0) developed by the National Center for Atmospheric Research (NCAR) [12] is implemented during this study. The domain (18°N to 28.5°N and 84°E to 96°E) of this study is shown in Figure 1 . The center of the domain was taken to be 23.5°N & 90°E.
S
The WRF-ARW model offers quite a good number of schemes for the investigation of different physics such as microphysics, planetary boundary layer (PBL) physics, radiation physics and cumulus parametrization (CU). Details of the configurations that were chosen to run the model during this study are given in Table 1 . Input data interval :
Output data interval :
Central point of the domain :
Resolution :
Grid size :
Covered area :
Map projection : 
Governing Equations
The basic form of the atmospheric governing equations are as follows:
Equation (1) is the vectorial form of the momentum equation that states Newton's second law for motion relative to a rotating coordinate frame. Here, = ( , , ) is the velocity vector relative to the rotating frame, is the density, denotes pressure, is the acceleration due to gravity, represents the frictional force and centrifugal force combinedly and is the angular velocity of the rotating frame. This equation states that the acceleration following the relative motion in the rotating frame equals the sum of the Coriolis force, the pressure gradient force, gravity, frictional and centrifugal force. In case of spherical coordinate system, equation (1) can be decomposed into the following three equations:
In these equations, is the mean radius of Earth while denotes the latitude. Equations (6), (7) and ( Equation (2) is the continuity equation which expresses the conservation of mass. It states that the local rate of change of density is equal to the convergence of mass.
Equation (3) is called the equation of state (or ideal gas law) for dry air. In this equation, denotes the temperature while is the gas constant whose value for dry air is 287 J kg
In equation (4), is the specific heat at constant pressure, designates entropy and is the rate of heating per unit mass due to radiation, conduction and latent heat release. This equation is a modified form of the thermodynamic energy equation ( It is found that, 32-36 °C temperature is simulated over West-Bengal and adjoining western part of Bangladesh including some areas of Dhaka at 1200 UTC, while the eastern part of Bangladesh is simulated to have a temperature between 28 and 32 °C. This means that there exists a temperature gradient over these regions. Since the updraft mechanism in the warmer zone is strong due to high vertical wind shear (found in the analysis of vertical wind shear), cumulonimbus cloud formation is favorable. Temperature is found to fall down gradually over the next two hours resulting an estimation of 24-28 °C temperature at 1400 UTC over Dhaka. Figure 8 shows the comparison of model-simulated maximum and minimum temperature values of 04 April 2015 with that of BDM records. From Figure 8 , it is seen that the model slightly overestimated both the maximum and minimum temperature.
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Analysis of CAPE
CAPE is the short form of 'Convective Available Potential Energy'. Simply speaking, it is a measure of the amount of energy available for convection. Mathematically, CAPE is calculated by integrating vertically the local buoyancy of a parcel from the level of free convection (LFC) to the equilibrium level (EL) and according to American Meteorological Society [15] , it is given by the following formula:
where is the virtual temperature of a lifted parcel moving upward moist adiabatically from LFC to EL, is the virtual temperature of the environment, is the specific gas constant for dry air, is the pressure at LFC, and is the pressure at EL. Virtual temperature is the temperature that dry air would have if its pressure and density were equal to those of a given sample of moist air. Also, it is assumed that the environment is in hydrostatic balance, i.e., = − holds and that the pressure of the parcel is the same as that of the environment. CAPE is ated a rainfall a UTC to 1400 U e over these are pared with tha n. It is seen from Figure 14 that the model overestimated both BMD and TRMM data of 24-hour rainfall over Dhaka. The overview of the model-simulated values of the eight parameters along with available observations at 1300 UTC (unless specified otherwise) over Dhaka is given in Table   2 . With a careful inspection of 
Conclusion
A total of eight parameters regarding the thermodynamic features of the TS event of 4 April 2015 over Dhaka were simulated and analyzed using WRF-ARW model and the simulated values were compared with available observational data to validate the model performance. The comparison reflects the ability of the model to capture the parameters reasonably well despite some spatial and temporal errors. It should be noted that this case study is preliminary in nature and advocates the usefulness of the model in forecasting TS events over Dhaka. But analysis of more number of TS events all over Bangladesh is required before arriving at any comprehensive conclusion.
